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Ti-7A1-4Mo and Ti-4Al1-3Mo-1V alloys were successfully drawn through the
required final pass of 0,043 inch.
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ABSTRACT-SUMMARY ASD INTERIM REPORT 7-556 (XXII)

23rd Interim Technical Progress Report March 1963

IMPROVED METHODS FOR THE
PRODUCTION OF TITANIUM ALLOY EXTRUSIONS

Manufacturing Research Department
Republic Aviation Corporation

A three section tungsten carbide draw die was modified to permit drawing of
tee shapes without restraining of the edges. Two tee shapes each of
Ti=-7A1-4Mo and Ti-4Al-3Mo-1V alloys were successfully drawn through

the required final pass of 0. 043 inch.

Seventeen dies for the Part V,B-70 shape extrusion program have been
machined at the Babcock & Wilcox Company. Seven dies are of the North
American Aviation design E~64-12 having a 1/16" cross section tee
configuration, Seven dies are of the North American Aviation design E-64-15
having a 3/32" cross section tee shape, and three dies are of the E-64-15
design having two tee ports for a multihole extrusion, The above designs
have woen slightly modified to be compatible with existing warm draw tooling.
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NOTICE

When Government drawings, specifications or other data are used for any
purpose other than in connection with a definitely related Government pro-
curement operation, the United States Government thereby incurs no re-
sponsibility nor any obligation whatsoever; and the fact that the Government
may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or other-
wise as in any manner licensing the holder or any other person or corpora-
tion or conveying any rights or permission to manufacture, use or sell any
patented invention that may in any way be related thereto.

The work reported in this document has been made possible through the
support and sponsorship extended by the Air Materiel Command under Con-
tract No. AF33(600)-34098. It is published for technical information only
and does not necessarily represent recommendations or conclusions of the
sponsoring agency.

Qualified requesters may obtain copies of this report from ASTIA, Document
Service Center, Arlington Hall 12, Virginia,

Ccpies of ASD Technical Reports should not be returned to the Aeronautical
Systems Division unless return is required by security considerations,
contractual obligations, or notice on a specific document.
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FORE WORD

This Interim Technical Progress Report covers the work performed under
Contract AF33(600}-34098 from 1 December 1962 to 1 March 1963. Itis
published for technical information only and does not necessarily represent
the recommendations, conclusions or approval of the Air Force,.

This Contract with Republic Aviation Corporation, Farmingdale, Long Island,
New York, was initiated under the Aeronautical Systems Division Project
7-556, '"Improved Methods for the Production of Titanium Alloy Extrusions."
It is administered under the direction of Mr, T.S, Felker of the Basic
Industry Branch (ASRCTB), Manufacturing Technology Laboratory, Aero-
nautical Systems Division, Air Force Systems Command, Wright-Patterson
Air Force Base, Ohio,

Mr. M.H. Levine of the Manufacturing Research Department, Republic
Aviation Corporation, was the engineer in charge. Others who cooperated

in the research and in the preparation of the report were: G. Pfanner, Senior
Manufacturing Research Group Engineer; E. Bohanek, Titanium Metals
Corporation of America and T, Rice, Allegheny Ludlum Steel Corporation,

The primary objective of the Air Force Manutacturing Methods Program 1s to
increase producibility and improve the quality and etficiency of fabrication of
aircratt, missiles and components thereof. This report is being disseminated
in order that methods and/or equipment developed may be used throughout
industry, thereby reducing costs and giving '"MORE AIR FORCE PER DOLLAR."

Your comments are solicited on the potential utilization of the information
contained herein as applied to your present or future production programs.
Suggestions concerning additional manufacturing methods development required
on this or other subjects will be appreciated.

Written by: ;%, m

.H. LeWHne
Principal Mfg. Rsch. Engineer

PUBLICATION REVIEW

Approved by:

Robert ussa, ssistant Chiet
Manufacturing Research Engineer

Approved bcq//7[j;’ﬂ”\/

T.F. Imholx, Chief
Manufacturing Researc: Engineer
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HISTORY OF THE PROGRAM

#Improved Methods for the Production of Titanium Alloy Extrusions' is sponsored
by the Air Materiel Command under Contract No, AF33(600)-34098. The develop-
ment program was originally scheduled in five parts to produce titanium alloy
structural shapes in three size categories. The extrusion development for the
first and second category shapes (Figures 1 and 2) has been completed in Parts 1I
and III of the program, The double tee shape (Figure 3) originally selected for
extrusion development in Part IV, has been replaced with thinner tee shapes
(Figure 4) to be produced by a combination of extrusion and subsequent drawing,
Such thinner shapes represent current design requirements in advanced airframe
structures, The scope of the program was further increased by the addition of
Parts V to produce a typical B-70 titanium alloy shape and Part VI to develop
heat treatment procedures for full length titanium alloy extrusions, Part VI

was subsequently deleted. The program parts are listed below as originally
scheduled and as revised.

Original Program Revised Program

Part 1
Determination of Shapes
and Materials

Part II

Complete — Extrusion of First
Category Shapes (Fig. 1)

Part OI
Extrusion of Second
Category Shapes (Fig. 2)

Part IV Part IV
Extrusion of Third Extrusion and Drawing
Deleted Category Shape (Fig, 3) of Third Category Shapes
PartV (Figure 4)
Final Report Part V

Extrusion and Drawing

of Typical B-70 Shape
Part VI

Heat Treatment

Development

Deleted
12 Oct, 1962
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Part ]

The survey of airframe producers was concluded in Part I and resulted in the
selection of typical extrusion shapes desired in titanium alloys for airframe
design, These shapes are illustrated in Figures 1, 2 and 3, The survey also
determined the test properties required of titanium alloy extrusions for high
temperature service, The major titanium producers and research laboratories
were consulted for information and recommendations for the choice of alloys
most closely conforming to the property requirements,

Part I

The alloys which were selected for extrusion in Part II are listed below:

C-135 AMo 7.0% Al. 4.0% Mo,
MS-821 8% Al, 2% Cb. 1% Ta.
Ti-155A 5% Al., 1.4% Fe. 1.5% Cr. 1.2% Mo,

The extruders who participated in the Part II extrusion development are:
The Babcock and Wilcox Company
The United States Steel Corporation
The H, M. Harper Company

The sections and alloys which were extruded in Part I by these extruders are:

Company Billet Dia, Section Alloys
Babcock & Wilcox 4n Angle C135 AMo and MS 821
U, S, Steel 2-3/4n Channel Ti 155A and C135 AMo
H. M, Harper 3-7/8m Zee MS 821 and Ti-155A

The extrusion development of the Part II section is described in detail in
Quarterly Report Nos, 3, 4 and 5, The dimensional objectives established in
Part I were approached but were not fully realized during the Part II uxtrusion
development, Various lubricants, die materials and extrusion techniques were
investigated and the best results were obtained with hot work tungsten steels
and glass lubrication techniques,

The straightening trials which were conducted with the channel and angle extru-
sions produced in Part II are described in Quarterly Reports 5, 6 and 7. Report
No, 7 also contains a dimensional evaluation of the straightened lengths which
indicates that the extrusions approached but did not realize the straightness and
twist specifications for aluminum extrusions of similar cross scction.
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Part III

The Part III development of extrusion techniques for the tee and hat shapes
(Figure 2) was conducted by Babcock and Wilcox and by Compagnie due Filage
des Metaux et des Toints Curty (Cefilac), the French company that developed

the glass lubrication technique for steel extrusion, The Part III extrusion

trials are described in Reports 8, 9, 10, 12, 13 and 14. The most successful
Cefilac trials are described in Report 12 and the most successful Babcock and
Wilcox trials are described in Reports 9 and 14, Similar results in reasonable
dimensional uniformity with good surface finish in 15-25 foot lengths were ob-
tained by both extruders, Effective glass lubrication held die wear to a negligible
degree and permitted reuse of the dies, Pickup scoring lines in the extruded
surface due to titanium pickup upon the extrusion die were present to a degree
varying from negligible to appreciable severity, This condition was finally
avoided in the last Part III trials at B & W apparently due to clean billet heating
and handling practice in which stainless steel billet heating cans and a 900°F
chromium plated extrusion liner were used, See Report No. 14, Practically

all extrusions produced in Part III were extruded by the full flow lubrication
technique in which the billet skin elongates in passing through the extrusion die
and separates into discreet particles in the extruded surface, These particles
are not in themselves undesirable when small and well divided but are the nucleus
for surface depression adjacent to the marks., In addition, when the billet skin
contamination in heating is appreciable, the particles produce die abrasion, A
study of contamination depth as dependent upon heating time and protective glass
coating is still in progress in an effort to determine if the present extrusion pro-
cess can be improved with better heating practice.

A representative evaluation of the Part III tee extrusions is presented in Reports
13 and 15. The best extrusions are within the dimensional straightness and
twist tolerance of aircraft specifications for aluminum extrusions of similar size
and shape, However, there is a sufficient range of variation to indicate that a
subsequent sizing operation such as "warm" drawing would be advantageous.
Further, the current interest in titanium extrusions lies in thinner shapes with
smaller tolerances than permitted in aluminum extrusions, As a consequence,
the program has been amended as previously described to produce such shapes
by means of extrusion and subsequent drawing.

A heat treatment procedure that will consistently produce the objective of 180,000
psi ultimate strength with 8% elongation has not been determined, In many cases,
tensile results have been erratic after heat treatment, For earlier mechanical
property test results and heat treatment studies, see Reports 4, 5, 6 and 7, A
study of heat treatment parameters conducted by Crucible Steel with channel and
angle extrusions in 7A1 4Mo alloy is included in Report No, 8, Results with
recommended heat treatments and modified treatments are described in Reports
9, 10 and 11, In the latter report, as-extruded material consistently tested
170,000 UTS, 150 YTS and 8% elongation. After heat treatment, results were
typically 185 UTS, 175 YTS with 2, 5% elongation.

Straightening trials conducted with the Part III tee extrusions at B&W are des-
cribed in Reports 9,13,15 & 17, The last two reports contain an evaluation of the
dimensional uniformity and mechanical properties of the straightened Part III

tee extrusions produced by B&W in terms of straightening temperatures and
modification of jaw assembly.
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Part IV

In a previous quarter, a Part IV extrusion and straightening trial was held at
Babcock and Wilcox, The purpose of this trial was to establish the reproduci-
bility of the process developed under the Part III extrusion of tee shapes, deter-
mine the best lubrication practice, and to extrude 21z, 092" thick tee shaped
section based upon the best techniques developed under the 1/8'" thick tee shape
reproducibility phase. The procedures and results of this trial are discussed
in Report No, 17,

Glass contamination studies were conducted at Republic Aviation Structures
Laboratory and at the Babcock and Wilcox Production and Process Laboratory
facilities to determine the influence of billet heating times and glass composi-
tion on contamination of titanium extrusions (Report No. 18), For previous
studies related to surface contamination, see Reports 10, 12, 14 and 17. The
influence of reduced billet heating times on extrusion pressures is discussed in
Report No. 19,

Extrusion techniques and results of the extrusion trials (Group No. 17) in which
20-foot lengths of . 092" and , 062" tee shaped sections were successfully ex-
truded using alumina coated die material, are discussed in Quarterly Report
No. 19. The extrusion pressures required were comparable to pressure ex-
perienced with the smaller ratio, 125" extrusions. Use of alumina coating on
the die material prevented die wear, wash and hot deformation of the die, Uni-
form cross section dimensions from front to back along the extrusion length can
be realized using the alumina coated dies.

A combination of hot stretch and punch straightening of the Group 17 extrusions
produced the straightest extrusion lengths to date. The various extrusion tech-
niques which influence the cross section dimensions of the as-extruded length,
and subsequently affect the resistance heating stretch-straightening and detwist-
ing procedure, are discussed in Report No, XX,

High frequency induction heat equipmeant, coils and accessory equipment have
been installed at the Allegheny Ludlum Steel Corporation draw bench facility
and are describedin Report No. 18. The temperature sensing devices and
controllers, induction coil and stress loading cells were calibrated. A four-foot
tee section was reduced from a nominal . 130" to a uniform , 118" cross section
in one pass, The procedure and results are discussed in Report No, 19, Ten
foot lengths of as-extruded and straightened . 125" tee shapes were successfully
reduced in one reduction pass to a uniform , 110" thickness, The problems
encountered and recommended solutions for maintaining constant temperature
control of the induction coil, cracking of carbide draw dies, and choice of
compatible lubricant are discussed in Report XX and XXI.

The final series of Part IV extrusion trials were conducted at Babcock and
Wilcox Company completing the extrusion portion of Part IV, Tee sections,
ranging from 20 to 30-foot lengths of 1/16" cross section, were successfully
extruded in 7A1-4Mo, 6A1-4V and 4A1-3Mo 1V titanium alloys using alumina
coated dies and a combination glass wool-granular glass die pad lubricant. The
extrusion procedures and results are discussed in Interim Technical Report XXI,
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In the last quarter, a fourth series of extrusion trials were conducted at
Battelle Memorial Institute to determine the optimum glass wool composition
for the die lubricant system at 1800°F, The glass compositions were melted
and blown to fiber form at Battelle Memorial Institute. The results of this
triai series are described in Report No. XXII,

The Part IV warm drawing phase was continued during the last quarter, The
tee sections were heated in the resistance heated muffle furnace which was
installed in October. Twenty-seven as-extruded 20 feet long nominal 1/16"
cross section tee shapes consisting of 7A1-4Mo, 6Al1-4V and 4A1-3Mo=1V
titanium alloys were sized through a ,065'" draw die. Eight sized . 065 shapes
were drawn to . 058" cross section, Two of the ,058'" cross section tees
were further drawn to . 052" cross section,

During this quarter, seventeen extrusion dies representing B-70 shapes are in

the process of being machined and cast at the Babcock & Wilcox Company.
Fourteen machined dies represent the NAA E64-12 and NAA E64-15 configuration
{modified to our existing tooling). Three dies will be cast to a multihole tee
configuration having two tee shaped ports. The die dimensions are described
herein.

Warm drawing of four tee sections to a final , 043! cross section thickness was
accomplished during this quarter, using the reworked tungsten carbide draw
dies. The modified die configuration and drawing procedure are described

in this report,
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P - USION_AND
WARM DRA WING TRIALS

Introduction

During the past quarter, preparations for the Part V extrusion effort to extrude
B-70 type tee shapes were conducted at the Babcock & Wilcox Company. In
view of the past successful achievements in Parts III and IV of this Contract

in extruding various titanium alloys and tee section thickness and the knowledge
acquired by the extrusion Vendor, it was desirable to select the same Vendor
for the Part V program.

Extrusion of B-70 Shaped Tee Sections

The program is being conducted at the Babcock & Wilcox Company, Beaver
Falls, Pa. extrusion facilities, The overall objective of this program will be
to refine extrusion techniques (developed in Part IV) leading to a production
method for extruding tee shaped sections for the XB-70 aircraft. (See Interim
Engineering Report No. XXII.)

Two North American Aviation tee shape configurations were selected for this
trial effort for the following reasons:

a) Extrusion and drawing of .125" through . 062" cross section
tee shapes are a present capability and refinement of this
process is justified.

b) Tee shaped configurations are desirable since existing
tungsten carbide dies and tooling are available from Part IV,
(the tee shapes selected have been modified to fit the
existing tooling)

¢} North American will accept any non-machined extrusion
that will be applicable to the B-70 aircraft. Since there are
over 300 extruded parts, any minor modification in extruded
configuration will be acceptable for North American Aviation
testing and evaluation program.

The alloy selected by North American Aviation for this program is the
Ti-6A1-4V alloy. This alloy is currently being used because of its consistant
properties and weldability. The chemical composition of the 4" round forged
stock is as follows: C-,025; Fe--19; Nj -015; Al-6.3; Va-4,2; Hz -.005;
0O2-18,

The final cross section thickness after warm drawing of the two selected

shapes will conform to N.A, A, shapes E64-12 and E64-15, The as-extruded
dimensions are shown in Figures 5A & B,

10
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Facilities and Extrusion Practice

The extrusion press is a 2500-ton Loewy hydropress with pressure
accumulators capable of operating the press at the fast extrusion speeds
common in steel and titanium extrusion,

The extrusion press is equipped with a 4 3/16" I, D, container and a 4 1/16"
hardened steel stem for extruding 4" diameter billets, The 180, 000 psi stress
limitation in the steel stem required that the press extrusion force be limited
to 1080 tons,

The billet surfaces are centerless ground, degreased, heated to 300°F

and sprayed with glass slurry prior to heating, The billets are then

placed into a pre-heated (1800°F) stainless steel can, covered and given a 60
second argon purge. The can is then placed into a controlled argon atmosphere,
electric resistance furnace, During billet heating, the glass slurry formed a
protective film of glass over the billet. In subsequent extrusion, the glass film
on the billet surface insulates the hot (1800°F) billet from the relatively cooler
container liner (800°F),

The billets are transferred to the extrusion press with the two-man carrying
device illustrated in Report No, 13, The single can method was used and the
billet was tipped out of the transport can onto the runout table where additional
glaus powder is applied,

After the billet is in position in the container, the stem is advanced rapidly until
contact is made with the billet, The stem remains in this position for one or two
seconds while upsetting the billet, and then extrusion proceeds in about two
seconds.

The die is lubricated and protected from washout during extrusion by a film of
glass which is continuously fused from a pad of compacted glass powder, glass
wool or a composite glass powder and wool which is placed between the die
and billet,

Tungsten steel dies have given the best results (least wear or die deformation)
in previous trials and are considered a satisfactory die material for extrusion of
the 1/8" x 2!"tees, For thinner cross-section extrusions, ceramic coated dies
will be evaluated,

For this trial, fourteen Peerless A Tungsten Steel dies were machined to the
three-piece design to facilitate application of ceramic coating by the flame spray
method. Three multi hole dies will be cast with 2 Tee shaped orifices as shown
in Figure 5C,

1
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Extrusion Variables to be Investigated

Satisfactory performance under this program is defined as the complete
development of the optimum manufacturing process for the production of

extruded tee shapes, to prove that the process is under control, Approximately
seventeen billets will be extruded to tolerances in accordance with North American
Aviation specifications LB0173-i12 and LB0170-122,

Schedule of Extrusion Trials

Based upon previous successful experiences in extruding the thin section
Ti-6A1-4V alloy, the extrusion technique and glass lubricants described in
Interim Report XXI will be used for this extrusion schedule. A total of seventeen
extrusion pushes consisting of ten 3/32" and seven 1/16" cross section tees

will be extruded using the E-71 glass series. Of the former tee sections, three
3/32 inch dies have the multihole configuration (2 tee ports per die) resulting

in a total of 13, 3/32" tee sections. All sections will be warm drawn as
described in the following section.

Warm Drawing Program

Objectives

The objective of this phase is to develop the warm drawing operation leading to
the production of close tolerance extruded shapes required for the XB-70 aircraft
Satisfactory performance under this phase is defined as the complete warm
drawing development of an optimurn economic manufacturing process for the
production of extrusions to prove the process is under control. The program
will be conducted at the newly installed warm drawing facilities at Titanium
Metals Corporation of America, Toronto, Ohio.

Variables to be Evaluated

The effort under this program will include, but not be limited to analysis of all
variables which affect the process quality and economics such as:

Die temperature

Number of passes through die
Dimensional reduction through each pass
Speed of each draw operation

Thermal treatment between passes
Design of draw dies

Die life

Die cost

Lubricants employed

Force required to draw

.
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Drawing Schedule and Requirements

Schedule
Modified N. A, A, Shape: 64E12

Seven tee sections having a nominal cross section of 1/16" will be successively
warm drawn through five reductions to a , 043 inch cross section.

Shape:64E15

Thirteen nominal 3/32 inch tee shaped sections will be sized through a . 092 inch
die and drawn through an . 087 and , 080 die pass to a uniform cross section
thickness

Requirements
Each drawn section will be evaluated in terms of the following requirements:

a) minimum length of 20’

b) thickness of flange and section within tolerances described
on selected North American drawing 64E12 and 64El5,

c) surface finish 50RMS or better

d) straightness, flatness, angularity, twist radii tolerance
and finish surface shall conform to the requirements
described in class 1. Finished shapes under North
American material specification LB0170-112,

A testing program will be conducted during the drawing program to establish

the effects of the drawing parameters on material properties, Final evaluation
of the mechanical properties both warm drawn and heat treated will be conducted
on representative specimens, Full length evaluation of the extruded tee sections
will be conducted with the cooperation of North American Aviation Corporation,

13
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REPORT OF WARM DRAWIN RIALS
AT THE ALLEGHENY LUDLUM STEEL CORPORATION

Introduction

The warm drawing portion of Part IV development is being conducted by the
Titanium Metals Corporation of America. Earlier experimental work con-
ducted by Titanium Metals in 1959 and 1961 on Allegheny Ludlum Steel Cor-
poration facilities has demonstrated that 5/16' tee sections of titanium-base
alloy Ti-6A1-4V could be successfully warm drawn with improvements in
dimensional integrity and surface roughness. The procedures basically re-
quire refinement in heating, pointing and gripping techniques. Only limited
reductions with a maximum total reduction in area of 18% were attempted.

The present four-phase program is concerned primarily with 1/8" thick T-
shapes of Ti-7Al-4Mo being warm drawn to thinner sections. These alloy
extrusions produced for Republic Aviation Corporation by Babcock and Wil-
cox and CEFILAC are to be warm drawn at the Allegheny Ludlum Steel Cor-
poration Watervliet facilities to eventual thicknesses of . 040",

The proposed program was based on the adoption and usage of continuous
induction heating, the use of potentially versatile and economical split car-
bide dies, and the use of lubricant systems suitable for the warm processing
of titanium-base alloys.

The four* phases of this program are generalized as follows:

Phase 1 Development of the drawing techniques for sizing as-extruded
tee shapes having a cross section of 0. 125",

Phase II The development of drawing techniques for the production of
tee shapes having a 0, 063" cross section from extrusions of
0, 125" section.

Phase III The development of sizing procedures for extrusions having a
cross section of 0, 075", This has been modified to start with
nominal 0. 095" thick extrusions.

Phase IV The development of drawing procedures to make 0. 040" section
shapes from tee extrusions having an initial thickness of 0. 063",

During the first quarter, all incoming extrusions were inspected for size and
surface quality. Onme dozen, four-foot lengths o{f CEFILAC extrusions were
chemically pointed and annealed and coated for warm drawing trials. The
split carbide dies were ordered from American Carbide Company, the 100
KW Lepel unit was authorized for shipment to ALSCO, Watervliet, along

with the induction coil. In addition, the effects of various annealing practices
on room temperature and elevated temperature (750, 1000, 1250°F) tensile
properties were ascertained.

* These phases are subsections to the Part IV warm drawing phase
described in the History Section of the report.

14
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During the second quarter, the 100 KW unit was installed and calibrated.
Phase I warm drawing trials of Ti~7Al-4Mo extrusions were initiated but
with little success due to improper heater coil design and failures due to
arcing through the Fiberfrax liner. The arcing was eliminated by the use
of preheated cooling water, The 100 KW generator and coil basically be-
came operative and available for heating and drawing evaluations at the
start of the third quarter.

In the third quarter, it was demonstrated that temperature control no better
than + 100° F would be achieved using the temperature controllers incorpor-
ated by the heater manufacturer; however, by heating under constant power
input, the temperature variability could be reduced to a nearly acceptable
+ 50°F, but at the expense of temperature and draw speed selection,

Utilizing a chemical conversion coat-line-MoS lubricant system, warm draw-
ing with 10/15 percent reduction in thickness of Ti-7Al-4Mo "T" shapes was
achieved at temperatures of 750/900°F,

Cracking of the bottom block of the split carbide die assembly was encountered.
Remedial measures in terms of reduced tolerance between the mating surfaces
of the die backup block eliminated this condition,

In the fourth quarter, drawing of the original Phase I was completed with ten
as-extruded . 125" cross section tee shapes, warm drawn through two die
cycles to a uniform 0. 100" cross section. Final straightening of these
extrusions was performed by the Babcock & Wilcox Co. Shape Finishing De-
partment,

The Phase II effort includes drawing four . 125" tee shapes through three
passes to a . 080" cross section.

Sizing techniques to . 090'' thickness for the Phase III 3/32" as-extruded tee
section were conducted in a one-pass cycle. A second draw pass reduced
these extrusions to a , 080" cross section thickness, This phase has been
curtailed.

The suitability of the split carbide die assembly for warm drawing titanium
tee shapes was demonstrated. The feasibility of induction heating shapes
drawn to ., 080! thickness under constant power input with good teinperature
selectivity from 750 to 1400°F was indicated. Below 080" thickness, the
inducticn heating unit was ineffective,

The greatest effort during this quarter was concentrated on the construction
of a resistance heated muffle furnace and the reduction of . 063" as-extruded
tee sections to a . 040" cross section in 7Al-4Mo, 6Al-4V and 4Al-3Mo-1V
titanium alloys (Phase IV). A total of twenty-four 20 foot long tee extrusions
have been warm sized through the . 065" die. Eight of the . 065" sections
were reduced to . 058" cross section, aad two sections were further reduced
to . 052" thickness.

15
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In the fifth quarter, the tungsten carbide draw dies were modified in terms
of extending the flange and stem opening. Four extrusions originally 3/32"
thick were drawn down to 1/16", completing modified Phase III. It was
demonstrated that a 27% reduction could be attained in one pass (0.110'" to
0.080") with the modified dies when the edges of the extrusion were unre-
strained. Previously only nominal 10% thickness reductions were attempted.

Gag straightening was disbanded as being unsuitable for these thin sections,
and the resistance heater unit was adopted as a stretcher straightener.
Adequate pointing techniques were developed in which only oversize billets
were machined, and then the balance of the pointing was conducted by
Chem-milling in a nitric-hydrofluorine acid bath.

Equipment problems continued to plague progress. It was found that the 100
KW Lepel induction heater could not heat 1/16" and thinner sections to warm
draw temperatures of 1000°F without major costly modifications. A series
of heating trials have been unsuccessfully attempted to improve the heating
efficiency of the induction heating unit on thin "T" sections in terms of in-
creased coil turns and by insertion in parallel of a bank of ten . 0l uf capaci-
tors into the high frequency circuit. In addition, the gripper head could not
hold these cold points and continued slippage occurred along with jaw tooth
deterioration and O-ring damage. The work was halted pending a decision
from TMCA to use their newly installed warm draw facilities for the remain-
der of the program,

16

&



@ REPUBLIC AVIATION CORPORATION

Progress in Development of Warm Drawing Equipment

Heating Equipment

Replacement of the 100 KW Lepel high frequency induction heater with a resis-
tance heated tube furnace due to the inability of the former unit to heat sections
1/16" and thinner satisfactorily under dynamic conditions was discussed in
Interim Report No. XXII. It was also stated that heating trials would be con-
ducted to evaluate methods to increase the heating efficienty of the induction
unit,

During this quarter, a series of seven heating trials (shown in Table 1) were
attempted to improve the heating efficiency of the induction heating unit in
terms of increased coil turns and by insertion in parallel of a bank of ten .01 uf
capacitors into the high frequency circuit.

Indication of success is shown in the No. 2 trial (Table 1). At that time, two
feet of the workpiece reached a temperature of 1350° F before failure at the
junction box. This was considerably higher than the temperatures reached
with the old (25-turn) coil.

Subsequent trials 3, 4 and 5 were interrupted by cable failures at the junction
box and required repairs in each case. For non-technical reasons, the trial
of the new coil was discontinued.

In trial No, 6 after cable repairs were finally completed for the fifth time, the
cables held up. However, the trial was made with the old (25 turn) Lepel coil
as the first step in trying out a recommendation made by Lepel (adding capaci-
tors in parallel with the coil - see Figure 5A),

In trial No, 7, a group of capacitors 0, 01 uf were connected in parallel with
the coil in an attempt to improve the ampere-turn to work relationship,

During trial No. 7, the capacitor lead cables overheated, At this point, less
capacitors should have been used in parallel with the coil, However, the
trials were discontinued due to removal of the heating equipment.

17



@ REPUBLIC AVIATION CORPORATION

The evaluation of the new coil and parallel capacitor approach proved success-
ful. The workpiece temperature was increased (Trial No. 2) and higher
currents were noted (Trial No. 7).

The conclusion is that a high frequency generator of higher rating and coaxial
cables capable of better performance would be required for a production unit,

However, it is felt that a complete evaluation would be unnecessary in the
current program since alternate radiant tube heating equipment is now
available,

18
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Trial Date
No.

1 2/7/63

2 2/11/63

3 2/12/63

4 2/18/63 &

2/19/63

5 2/21/63

6 3/6/63

7 3/6/63

Induction Heater Trials

Objective

Results

To test new 36-turn
induction coil (pre-
vious coil had 25

- turns) at max. power
and 12'/min, feed.

Repaired coaxial

cable. Same as
trial No. 1,

Same as above

Same as above

Same as above

Repaired coaxial

and junction box. Old
coil installed at max.
power to standardize
unit.

Added capacitors in
parallel with old coil,

TABLE 1

19

No heating - water leak
in coaxial cable (due to
frozen lines) shorted
circuit,

Temperature readings of
the extrusion at the coil
center indicated 1350° F,
Arc failure at junction
box occurred.

Arcing of junction box.

Freeze up of water lines
and leaks due to extreme
weather conditions,

Arcing at junction box,

Visible red heat in 18
seconds on a ., 065' thick
"T'" section static test.

Excess amperage for
wire leads in capacitance
branch., Insulation des-
troyed - no heating of
extrusion. Difficulty in
preventing overload
tripping, Maximum
applicable power approx.
50%.
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A radiant tube furnace, resistance heated, was engineered and built between
September 15 and October 31, 1962 to fill the void left by the induction heater,
as described in Interim Report XXII, A general view of this furnace in the
draw bench trough is illustrated in Figure 6.

In aummary, the central resistance heated tube chamber is Type 310 stain-
less steel, a nominal 3,00 in, ID x 0,098 in, W x 12-foot length, The tube is
surrounded by 2800 series refractory MgO bricks and a carbon steel shell.
One foot of the tube protrudes on each end to which the water cooled copper
power clamps are attached, Two G.E. 1500 amperes continuous duty DC
rectifiers are installed in parallel to supply 3000 amperes, 0-40 volts DC,
The primary power source is three-phase 550 volts, approximately 200 KVA;
the secondary is metered. The temperature is controlled by a controlling
thermocouple.

The satisfactory temperature control in heating an extrusion longer than the
furnace is depicted in Figure 7. The furnace, located about 6-8 inches away
from the die stand, was set at 1325°F; the extrusion was then introduced with
one end about 18-24 inches from the discharge port, heated 30 seconds, pushed
through the die, and drawn at 12 fpm. In this curve the temperature varied
only from about 870°F minimum to about 930°F maximum; one instantaneous
peak of 1010°F was recorded. The power is generally on for 10-15 seconds
(10-12V, 2500 A) and then off for 60-90 seconds. The calibration curve of the
Pyrotel head used to measure draw temperatures is illustrated in Figure 8.

Minor, but objectionable arcing has occurred sporadically when the thin edged
extrusions are in contact with the extremities of the tube furnace. The severity
and frequency of these areas of metal spark erosion are depicted in Figure 9.
Not many failures through these notches have been observed upon drawing.
Initially, to circumvent this arcing, rings of Fiberfrax were inserted on both
of the ends and the middle of the tube furnace to keep the extrusion from con-
tacting and arcing to the tube. More recently a more positive means of pre-
venting arcing consisted of turning the furnace power off during the draw opera-
tion. This practice is feasible as the temperature losses during the short draw
cycle are minor in the well insulated furnace. This practice is limited to
extrusions about 12 feet in length,

Gripper Head and Jaws

On the 30th of November, a change from the existing three cylinder gripper
head and jaw design was accomplished, This head, used since the beginning
of the program, was replaced by an 8 inch Hufford Universal Gripper. The
Hufford jaw inserts are of the same design used in the Babcock and Wilcox
stretcher straightener. The inserts manufactured by Hufford are 1020 carbon
steel heat treated, carburized and chrome plated. It is no longer necessary to
actuate the jaws with 500 psig as had been the case with the old head; the new
jaws are actuated with 80-100 psig bottled nitrogen or air, Laboratory testing
prior to delivery to Watervliet indicated that a 1-1/2 inch x 1-1/2 inch x

0. 120 inch thick '"T'' sustained a 43, 330 1b. load (120 ksi) without slippage,

Subsequent warm drawing trials have justified the transition to the Hufford
Universal Gripper heads - no slippage has been encountered under the most

21
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1X 1X

VIEWS OF A NOMINAL 1/18in T EXTRUSION OF Ti-6Al-4V
(No. 236) WARM DRAWN THROUGH THE 0. 058in PASS;
ILLUSTRATION OF ARCING ON THE EXTRUSION EXTREM-
ITIES (Arrow).

FIGURE 9
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-

adverse conditions. A view of the Hufford head in place on the trolley is shown
in Figure 10,

Str aightening

In-process straightening is still being conducted on the 7500-ampere AC resis-
tance heater. It was found necessary to blanket these long, thin extrusions
with asbestos or the Fiberfrax liners, otherwise it was impossible to impart
sufficient heat into the sections for stretcher straightening; the radiation losses
were too high and sufficient amperage could not be introduced without this pro-
tective cover. Detwisting is being conducted manually between the fixed ends,

To utilize the resistance heater as a stretcher straightener, a function it was
never designed to perform, involves two drawbacks,

1. Approximately 18-24 inches must be removed from each end after each
straightening effort; these are the unstraightened ends between the copper
bus and the ratchet gear, gripper mechanism. This entails severe mater-
ial attrition, particularly in extrusions requiring four or five diaw passes,
For example, a starting 20-foot length would be reduced to a finished 4-8 ft,
length,

2. It is necessary to preheat to temperatures of about 1400/1500°F to stretcher
straighten. This is to give assurance that the one horsepower motor can
perform the stretching. The ensuing scaling and necessity for conditioning
of the oxidized surface in a sodium hydride bath has exposed all extrusions
to the danger of hydrogen embrittlement. Oxidizing descaling baths such
as Virgo or Kolene are not available.

Fortunately, the in-process straightening problem has been solved in terms of
conducting the remaining portion of the warm draw program at the newly in-
stalled TMCA warm drawing and stretch straightening facilities.

Draw Dies

The presence of heat checking on the upper right and left hand die blocks neces-
sitated procurement of replacement components, These were delivered in
November, 1962. Later in December, a change in draw die design was neces-
sitated by difficulties in working the edges of the extrusion as well as the flat
faces. Indications were that if the dies would be revamped to insure unrestricted
movement of the edges during the draw, the drawing of the flat faces could pro-
ceed without the '"Chevron'' or buckling defect frequently encountered. One set
of blocks (upper right and left hand and bottom blocks) was ground by AmCarb
into the configuration shown schematically in Figure 11. The complicated
0.010" recesses to contour the edges of the extrusion in drawing have been
eliminated. Dimensional control is accomplished by altering the size of the
three steel shims; the bottom block was reduced in width to that of the narrowest
flange dimension to which one would draw, It would be possible to insure end
working in a final pass by introducing carbide end blocks but no such provisions
have been made in this die set.

26
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A VIEW OF THE 8in HUFFORD UNIVERSAL GRIPPER HEAD
IN PLACE ON THE TROLLEY.

FIGURE 10
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SCHEMATIC DRAWING ILLUSTRATING TYPICAL PREVIOUS DIE
DESIGN AND THE MODIFIED DESIGN PERMITTING UNRESTRAINED,
EDGE METAL FLOW.

FIGURE 11
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Warm Drawing Trials and Auxiliary Processing

PHASE 1

Objectives

The general objectives of Phase I were to develop drawing techniques for sizing
as-extruded and straightened ''T" shapes of Ti-7Al-4Mo having a nominal start-
ing thickness of 0, 125",

Results

Ten lengths previously drawn to a nominal 0. 100" thickness were shipped to
Babcock and Wilcox for stretcher straightening prior to heat treatment, On
January 9, 1963, these extruded and drawn lengths were stretcher straightened
and then gag straightened to remove the camber. These extrusions were vacuum
annealed and heat treated at TMCA, Toronto, Ohio. A heat treatment of 1750°F
(5 min) WQ + 1150°F (4 hrs)AC was applied after an initial vacuum anneal of
1350° F (2 hrs). The extrusions are presently at Babcock and Wilcox for final
straightening and will be shipped back to TMCA for evaluation by TMCA and
Republic Aviation personnel.

PHASES 11 AND III

Objectives

Modification of Phases II and III resulted in development of drawing techniques
to produce warm drawn extrusions to 0, 065" thicknesses from either 1/8" or
3/32" thick starting extrusions.

Results

The four short lengths successfully warm drawn to 0, 065" nominal thickness
were stretcher straightened and the sweep removed by gag straightening on
Babcock and Wilcox facilities, January 9, 1963, The short lengths, all less
than six feet, are attributed to the high losses in utilizing the available Allegheny
Ludlum Steel Corporation stretcher straightener described previously.

These extrusions were vacuum annealed and heat treated at TMCA, Toronto,
Ohio. The hydrogen level was reduced from 4000 ppm to approximately 50 ppm
after a 1325°F (2 hr) vacuum anneal. These extrusions were heat treated at
1750° F (5 min) WQ + 1150°F (4 hrs) AC and will be evaluated to determine their
mechanical properties,

In portions of these extrusions (near the fillets) wherein reductions of 25/30%
of thickness were achieved, marked surface improvement is noted. However,
at the thin extremities where significantly lesser reductions were achieved as
the starting extrusions were tapered, little surface improvement was realized,
Typical views of Phase III extrusions warm drawn to 0. 063" are presented in
Figure 12,
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Sie

Fillet Area

1X 1X

TYPICAL SURFACES OF A 3/72n NOMINAL T EXTRUSION

OF Ti-7Al-4Mo (No. 226) WARM DRAWN TO 1/186in.

GREATER DEGREE OF SURFACE REFINEMENT IN FILLET

AREA DUE TO HEAVIER WORKING. THIS CAN BE SEEN MORE
CLEARLY IN FIGURE 18,

FIGURE 12
30
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PHASE IV

Obje ctives

The objective of this Phase 1V is the development of drawing procedures to pro-
duce 0. 040" section shapes from extrusions having an initial nominal thickness
of 0, 063", Three alloy grades: Ti-7Al1-4Mo, Ti-6Al-4V and Ti-4A1-3Mo-1V
are included.

Results

Typical views of the incoming Phase IV extrusions in the extruded and straight-
ened condition are presented in Figures 13 and 14. The straightness was gen-
erally adequate to insert the extrusions into the 3'' ID resistance heated tube
furnace,

During the period from November 10 to 19, 1962, the infra-red radiation pyrom-
eter Pyrotel head was recalibrated for use in conjunction with the electric resis-
tance heated tube furnace and the drawing trials were resumed. Figure 8 shows
the calibration curve. Throughout these trials, the lubricant system was as
follows: Granodraw T subcoat, one coat of Alpha-Molykote 196X, and then an
overcoat of Fiske 604 at the time of draw.

As stated in Interim Report XXII, eleven 1/16" as-extruded and straightened tee
shaped sections were sized through the . 065'" pass. The newly installed resis-
tance heated tube furnace was set at 1360°F (9V and 1250A for each of two
rectifiers), the extrusion held for five seconds, and subsequently drawn at 12fpm
through a preheated die 915°F. Between draws, the extrusions were resistance
heated to the 1300/1400° F range, stretcher straightened and cleaned sequentially
in sodium hydride, sulfuric acid, and nitric hydrofluoric acid baths. The extru-
sions were then reconversion coated and chemically repointed as necessary,

Four tee sections (Nos. 228, 232, 233 and 243) which were considerably over-
sized on the flange width and stem height were drawn through the 0, 090, 0, 082
and 0. 072 in, dies to reduce the edges only, Extrusion No. 233 (Ti-7Al-4Mo)
drawn through the , 065" die experienced top edge stripping of the stem. The
typical chevron defect due to non-uniform deformation and edge restraint is
shown in Figure 15,

Measurements of these and other , 058" (see Figure 16) drawn tee shaped cross
sections revealed a , 010" per pass growth across the horizontal and vertical
legs. At the conclusion of this trial period, it became apparent that tearing as
shown in Figure 15 will ensue if the extremities and the cross section reduction
of the flat faces were worked simultaneously. The condition occurred particu-
larly in thin sections where buckling by column failure resulted in the chevron
defects. One set of draw dies were reworked to extend the vertical stem and
horizontal flange orifice to permit unrestrained lateral flow while working the
flat faces, A three-weck delay in drawing was necessary to allow for the die
modification,
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PHOTOGRAPH SHOWING THE STRAIGHTNESS OF MOST
OF THE INCOMING PHASE IV EXTRUSIONS.

(1/16 inch Cross Section Thickness}.

FIGURE 13
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AN ILLUSTRATION OF THE BOW, TWIST AND
WAVINESS ENCOUNTERED IN SOME OF THE
INCOMING PHASE IV EXTRUSIONS.

FIGURE 14
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Chevron

1X 1X

BUCKLING AND RESULTANT CHEVRON DEFECTS IN A NOM-
INAL 1/16in T EXTRUSION OF Ti-7Al- 4Mo: DEFECT DUE TO
NON-UNIFORM WORKING OF BASE, AS NOUTED.

FIGURE 15
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Chevron

1X 1X

VIEWS OF A NOMINAL 1/16in T EXTRUSION OF
Ti-6A1-4V (No. 235) DRAWN THROUGH THE 0, 052in
DIE. MILD CHEVRON DEFECT ON FXTREME BACK
END.

FIGURE 16
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During this quarter, drawing trials were resumed, utilizing the revamped draw
dies. Two lengths of Ti-7Al-4Mo and two lengths of Ti-4Al-3Mo-1V were
drawn to the finished size of 0, 043", Exceedingly short length tees resulted due
to excessive end losses in stretcher straightening. Indications also were that
all extrusions were of an exceedingly high hydrogen level as they all exhibited
some degree of embrittlement. This is attributed to the use of the only available
hot salt (sodium hydride) descaling bath at the mill, The exceptionally high
hydrogen contents are indicated below. Initially, the incoming hydrogen levels
were all below 125 ppm,

A - Starting Level (as received)
Al].oy H2 Og
ppm %
Ti-6Al1-4V 83 0. 145
Ti-4A1-3Mo-1V 59 0.092
Ti-7Al-4Mo 88 0.110
B - In-Process Level (Warm Drawn)*
Ti-7Al-4Mo 1060 -
Ti-6Al-4V 2062 -
Ti-4Al-3Mo-1V 690 -

% 2-3 Descale Cycles

In view of the severe loss of material by in-process stretch straightening, it
was decided to proceed with only two pieces of each grade to draw to the finished
size. Any in-process straightening would be conducted on the Babcock and Wil-
cox facilities.

A view of a Ti-7Al-4Mo section reduced by drawing to 0. 048" is shown in
Figure 17; longitudinal striations have not been removed at this stage. The
Ti-4A1-3Mo-1V extrusion warm drawn to 0, 043" is shown in Figure 18, Poor
quality is due to the lack of ironing and also failure to condition any scale forma-
tion from hot stretcher straightening prior to acid pickling., The descaling prac-
tice used was: immerse in sodium hydride, rinse, sulfuric acid die, rinse,
nitric-hydrofluoric acid, rinse.

The borrowed set of Hufford jaws had to be returned to their owner and the
initially designed jaws had to be employed. In an effort to draw the two pieces
of each grade, the gripper head consistently slipped prohibiting any drawing
and, therefore, work was called to a halt pending TMCA's decision to continue
this program at the newly installed warm drawing facilities, This decision was
affirmative and presently TMCA is in the process of tooling up to continue the
warm draw program at their Toronto, Ohio plant.
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VIEWS OF A NOMINAL 1/16in T EXTRUSION OF Ti-TAl-
4Mo (No. 232) DRAWN THROUGH THE 0. 048in DIE,
LONGITUDINAL STRIATIONS ARE INDICATED BY ARROW,

FIGURE 17
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1X
VIEW OF A NOMINAL 1/16in T EXTRUSION OF
Ti-4Al-3Mo-1V (No. 242) FINISH DRAWN THROUGH
THE 0, 043in DIE.

FIGURE 18
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Tensile Property Studies

The as-received mechanical properties and the heat treat response of incoming
Phase IV extrusions was ascertained by means of laboratory studies, These re-
sults are summarized in Table 2. Also included are some 1000°F tensile tests
to establish the relative ease of drawing at this temperature for the various
grades. Upon examination of the results, it is evident that Ti-7Al1-4Mo offers
the greatest resistance to flow and Ti-6A1-4V the least,

The relatively poor heat treat response of Ti-4Al-3Mo~1V can be attributed to
microstructural effects or a failure to achieve the indicated heat treatment, It
has also been observed in weldments in this grade. This is being rechecked in
further heat treat studies,

Table 3 reveals the properties of nominal 3/32'" "T" shapes of Ti-7Al-4Mo
warm drawn to 1/16', The properties are obviously not much different from
those of incoming Phase IV Ti-7Al-4Mo extrusions similarly heat treated, but
slight improvements in heat treated ductility are indicated.

Microstructural Examinations

Incoming Phase IV material was examined metallographically to establish a basis
for comparison to material warm drawn to the finished sizes. Figures 19 and 20
reveal as-extruded and heat treated microstructures. All alloys reflect extru-
sion in the beta field,

A minor structural refinement is noted in the primary alpha particle size of the

extrusions drawn to 1/16" from 3/32'" when a comparison is made to an as-ex-
truded 1/16" section (see Figures 21 and 22},
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As Extruded & Straightened

Longitudinal
UTS, Ksi 155. 8
YS(0.2%), Ksi 141.4
El(1 in), % 15.0
f V220
1725F(5Min)WQ + 1000F(4Hrs)AC
\DLRRE / iy
NP "‘”_ﬁ \ét
s,
UTS, Ksi 178. 4
YS(0.2%), Ksi 161.6
El(1 in), % 10.0

TRANSVERSE MICROSTRUCTURES OF A NOMINAL 1/16in
Ti-6A1-4V (No. 226), AS EXTRUDED AND STRAIGHTENED
AND ALSO IN THE HEAT TREATED CONDITION,

FIGURE 19
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As Extruded & Straightened

Longitudinal
UTS, Ksi 147.2
YS(0.2%), Ksi 135.5
El(1 in), % 12.0
| W

1625F(5Min)WQ + 925F(12Hrs)AC

s - ~ . N~ . “‘ _“‘..‘.F\ x':\r !
UTS, Ksi 167.4
YS(0.2%), Ksi 136. 2
El(1 in), % 7.0

500X

TRANSVERSE MICROSTRUCTURES OF A NOMINAL 1/16in T
EXTRUSION OF Ti-4Al-3Mo-1V (No. 243) AS EXTRUDED AND

STRAIGHTENED AND ALSO AS HEAT TREATED.

FIGURE 20
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1450F(1/2Hr)FC to 1000F, AC

UTS, Ksi 177.0
YS(0.2%), Ksi 157.8
El(1 in), % 14.0
22

1750F(5Min)WQ + 1150F(4Hrs)AC

N 02 AR v

: A
UTS, Ksi 186. 7
YS(0.2%), Ksi 175.0
El(1 in), % 7.0

TRANSVERSE MICROSTRUCTURES OF A NOMINAL 1/16in T
OF Ti-7Al-4Mo (No. 230), ANNEALED AND ALSO IN THE
HEAT TREATED STATE.

FIGURE 21
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Asg Drawn to 0.065in

UTS, Ksi 184.6
YS(0.2%), Ksi 164.8
El(1 in), % 9.0
500X
VP,
1750F(5Min)WQ + 1150F(4Hrs)AC
. - \.,‘w‘ . \k\' N N
UTS, Ksi 202.3
YS(0.2%), Ksi 182.7
El(1 in), % 4.0

500X

TRANSVERSE MICROSTRUCTURES OF A NOMINAL 3/32in T
OF Ti-7Al-4Mo (No. 223), AS WARM DRAWN TO 1/16in AND

ALSO IN THE HEAT TREATED CONDITION.

FIGURE 22
46
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Conclusions

The use of the 100 KW Lepel induction heater was disbanded during this quarter,
and a resistance heated (3000A, 0-50V) radiant tube furnace was engineered and
placed into service, The 10 foot long furnace was readily capable of heating
1/16" thick and thinner extrusions uniformly to draw temperatures of :000°F at
the die entrance at draw speeds of 12/14 fpm without difficulty, The furnace
was preset at about 1350°F,

The use of the Hufford Universal Gripper was adopted and provided a more
positive means of gripping the extrusions during warm drawing.

During this quarter, basically all the incoming 1/16' nominal thickness extru-
sions were sized through the 1,975'" x 1, 730" x 0, 065" die pass; three extrusions
(Ti-7Al-4Mo) approximating a 3/32" thickness required sizing through the 0, 090,
0,080 and 0, 072" dies prior to the 0, 065" set, All three grades Ti-6A1-4V,
Ti-4A1-3Mo-1V and Ti-7Al-4Mo have been drawn without any particular diffi-
culty, When reductions in the leg width and height were attempted along with
web thickness reduction, the extrusions were failing in drawing due to material
buckling and development of a ""Chevron' defect with eventual tearing of a leg

of the tee extrusion. Extrusions originally undersize on the leg width or height
on a given die pass have invariably been drawn successfully; in these cases,
measurements indicate an 0, 005 to 0. 015" lateral expansion of the leg extrem-
ities during the draw cycle.

Extending the orifice extremities of one existing die set permitted drawing with-
out restraining of the edges. Two lengths of Ti-7A1-4Mo and two lengths of
Ti-4Al1-3Mo-1V were drawn through the required final pass of 0, 043", indicating
the feasibility of drawing titanium alloys to this thickness. Metal losses have
been high mainly due to excess end waste in stretcher straightening,

A study of the heat treat response of the starting, nominal 1/16" extrusions has
been completed.
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CONCLUSIONS AND RECOMMENDATIONS

The specific conclusions for the technical work conducted during the reporting
period have been presented at the end of each section, The most significant
conclusions and recommendations of this work are repeated and summarized
below:

Part V - B-70 Extrusion and Warm Drawing Program

The most significant conclusion of the extrusion program through Part IV has
been the successful extrusion of 20-foot lengths of 1/16'" cross section tee
shapes in TAl-4Mo, 6A1-4V and 4Al-3Mo-1V titanium alloys. %3ased upon the
extrusion techniques developed through Part IV, an extrusion . gram has
been scheduled for the extrusion of 3/32" and 1/16" tee shapes the 6Al-4V
titanium alloy for the XB70 aircraft to prove the feasibility for a production
extrusion application. The extruded section will be warm drawn to a uniform
. 080 and . 043" cross section thickness in accordance with the North American
Aviation B-70 specifications,

Warm Drawing Program

1. Successful warm drawing of nominal 1/16" as-extruded tee shaped sections
to a uniform , 043" cross section has been accomplished in 7A1-4Mo, 6Al-
4V and 4A1l-3Mo-1V titanium alloys.

2. The feasibility of warm draw application has been substantiated. The prob-
lems of chevron defects and buckling of the stem and flange areas have
been overcome by extending the orifice extremities of the tungsten carbide
draw dies thereby permitting drawing without restraining of the tee edges.

3. The remainder of the warm drawing program including the Part V phase
will be conducted at the newly installed warm drawing facilities of the
Titanium Metals Corporation of America at Toronto, Ohio. Modification
to the TMCA die housing in terms of enlarging the back-up block orifice
and machining of a front plate and steel wedges to accommodate the original
tungsten carbide draw dies used at Allegheny Ludlum Steel Corporation
is currently being conducted.
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PROGRAM FOR THE NEXT QUARTER

The Part V, B-70 shape extrusion schedule is tentatively set for the third week
in April 1963 in which the initial effort shall include extruding seven 3/32"
cross section tee shapes to be drawn to , 080" (NAA 64E-15) and seven 1/16"
cross section tee shapes to be drawn to . 043" (NAA E64-12) in the 6A1-4V
titanium alloy. Three extrusion pushes having two tee port openings per die
will be extruded to demonstrate multi-hole extrusion capabilities.

The modification of the TMCA die housing in terms of enlarging the back-up
block opening, machining a new die cover plate, and machining steel wedges
and shim plates should be completed by April 12, 1963,

Draw work will be completed on Phase IV extrusions to further demonstrate
the feasibility of drawing to 0, 043" thick sections, which have already been

demonstrated on several shorter lengths of Ti-7A1-4Mo and Ti-4Al-3Mo 1V
tee sections.

It is anticipated that this program will be brought to its conclusion during this

quarter. Ewvaluation of the heat treated and straightened Phase I, II and IV
extrusions will be completed and basic data on heat treated properties obtained.
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DISTHILLTION LIST

One Copy ex.cept as noted

Aerojet~General Corporation
Manufacturing Division

Attn: Mr. Paul R. iolmes, lManager
11711 South Woodruff Avenue
Downey, California

heronca Manufacturing Corporation
Municipal Airport
Middletown, Ohio

Allegheny-Ludlum Steel Corporation
Attn: bxtrusion Plant
Watervliet, New York

Allegheny-Ludlum Steel Corporution

Attn:  Mr, R, K. Pitler
Brackenridge, Pennsylvania

Mr. Hubert J. Altwicker
Lebanon, Ohio

Aluminum Company of America
Attn: Mr. R. W. Andrews
ALCOA Building

Pittsovurgh, Pennsylvania

American Welding & Manufacturing Company
Attn: Mr. Frank J. Shanabery,
MNanager of Sales
195 Dietz Road
Warren, Ohio

AVCO Manufacturing Corporation

Attn: Nr. W.H. Panke, Superintendent
Manufacturing anginecring

Lycoming Division

Stratford, Connecticut

Axelson Manufacturing Company
Division of U. 8. Industries, Inc.
6160 South Boyla Avenue

Los Angeles 68, California

Babcock & Wilcox Company
Attn: Mr. James Barrett
Beaver Falls, Pennsylvania

Battelle Memorial Institute
Defense Metals Information Center
505 King Avenue

Columbus 1, Ohio

Battelle lMemorial Inctituse

Metul Working Division

Attn: lr. A, Sabroff
assistunt Chiel

Y05 King Avenue

Columbus, Chio

Beech Aircraft Corporation

Attn: Mr. Emnet Utter, Chief Of
Structures . Weight vontrol

9709 B. Central Avenue

Wichita 1, Kancus

3ell nerospuce Gorporation

Attn: r. Ralph W. Varrial, nanager
Production Engineering

P.O. Box 1

Buffalo 5, hew York

3211 Helicopter Company

Division Bell aerospace Corporation

Attn: Mr. Nairn Ringueberg, Jhief
Froduction Developmeni ngineer

P.0. Box 482

Fort Worth 1, Texas

Bendix Aviation Corporation
Bendix Products Division
Attn: Mr. W.0. Robbinson
401 North Bendix Drive
South Bend, Indiana

Boeing Airplane Company

Attn: kr. Walter burnham,
Manufacturing Research Manager

Wichita, Kansas

Boeing Airplane Company

Aero-Space Division

Attn: Mr. George Hughes, oection Chief
Materials « Processes

P.0. Box 3107

Seattle 24, Washington

William L. Bruckart

fetallurgical and Marketing Consultant
35 Tnzlewood Drive

Pittsbursh 28, Pennsylvania
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California Institute of Technology
Jet Propulsion Laboratory

Attn: Mr. I. E. Newlan

L480C Oak Grove Drive

Pasadena 3, California

Canton Drop Forging & Manufacturing Co.
Attn: Mr, Chandis Brauchler

2100 Wilett Avenue

Canton, Ohio

Cessna Aircraft Corporation

Attn: Mr. George Biggs,
Quality Control Manager

5800 Pawnee Road

Wichita 14, Kansas

Chance Vought Corporation

Vought Aeronautics Division

Attn: Mr. G. A. Starr, Chief Applied
Research & Development

P.0. Box 59C7

Dallas, Texas

Chase Brass « Copper Company
Research Department
Waterbury, Connecticut

Convair, A Division of

General Dynamics Corporation

Attn: Mr. J. C. Starnes, Supervisor
lManufacturing Research &
Development

Mail Zone P-46

Fort Worth, Texas

Convair, A Division of

General Dynamics Corporation

Attn: Mr. V. G. Mellquist, Manager
Manufacturing Division

P.0. Box 1128 (Zone 2900)

San Diego 12, California

Convair, A Division of
General Dynamics Corporation
1675 West 16th Street
Pomona, California

Convair, A Division of
General Dynamics Corporation
3165 Pacific Highway

P. 0. Box 1950

San Diego 12, California
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Curtiss-Wright Corporation

Metals Processing Division

Attn: Mr. T. A, Weidig, Manager
Materials Laboratiory

Buffalo 15, New York

Curtiss-Wright Corporation
Wright Aeronautical Division
Attn: Technical Library
Wood=-3idge, New Jersey

Dublin Manufacturing Corporation
Attn: Mr. Emanuel Helfand

849 Sheffield Avenue

Brooklyn 7, New York

Douglas Aircraft Company
attn: Mr. R. L. Johnson, Chief bngineer
Missiles and Space System
Santa Monica, California

Douglas Aircraft Company
Attn: Mr. C. Lo Rumble
3855 Lakewood Boulevard
Long Beach 1, California

Douglas Aircraft Company
Attn: Technical Library
827 Lapham Street

El Segundo, California

Dow chemical Company

Metal Products Division
Attn: Mr. Karl Braeuninger
Madison, Illinois

Dow Chemical Company

Metallurgical Laboratory

Attn: Dr. T. E. Leontis, Assistant to the
Director

liidiand, Michigan

E. I. DuPont de Nemours & Company, Inc.

Pigments Department

Attn: Mr. E. M. Mahla, Technical Manasger
Metal Products

Wilmington 98, Delaware

Engine:ring Supervision Company

Attn: Mr. Alexander Zeitlin, President
787 United Nations Plaza

New York 17, New York
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Fairchild Engine & Airplane Corporation

Fairchild Aircraft Division

Attn: Mr. Ermont Williams, Chief
Process & Materials

Hagerstown 10, Maryland

The Garrett Corporation
AiResearch Manufacturing Division
9851 Sepulveda Boulsvard

Los Angeles 45, California

General Eiectric Company
Fiight Propulsion Division
Technical Information Center
Mail Zone F-22

Cincinnati 15, Ohio

General Motors Corporation
Allison Division
Indianapolis, Indiana

General Motors Technical Center
Metallurgical Reseurch Building
Metallurgical Engineering Hesearch Staif
Attn: Mr. Clarsuce J. Tobin

Warren, Michigan

Goodyear Aircraft Lorporation
1210 Massillon Road
Akron 15, Ohio

Grumman Aircraft Engineering Corparation
vtn: Mr. W. A. Hoffman, Vice President
Manufacturing Engineering
Plant #2
Bethpage, Long Island, New York

H. M. Harper Company

Attn: Mr. E. A. Channer, Vice President
Sales

Lehigh Avenue & Oakton Street

Morton Grove, Illinois

Harvey Aluminum Incorporatud
Attns Mr. G. A. Moudry,
Technical Director
19200 S. Western Avenue
Torrance, California

Hayes Aircraft Company

Attn: Mrs. Pomilda Crow,
Engineering Technical Library

P. 0. Box 2287 B

Bimmingham, Alabama :

poed  pewwd o

Haynes Stellite Company
Division of Union Carbide Corporation
Attn: Mr. G. A, Fritzlen

Manager of Technology

Kokomo, Indiana

Hiller Helicopter
1350 Willow Road
Palo Alto, California

Hughes Aircraft Company
Attn: Mr. S. Edmunds, Marketing
Florence & Teales Streets
Culver City, California

Hughes Aircraft Company
Tucson, Arizona

ot gt g

iilunter-Pouglas Division
Bridgeport Brass Corporation
Riverside, California

Jones & Laughlin Steel Corporation
Attn: Mr. Robert S. Orr,

Commercial Research Librarian
3 Gateway Center
Pittsburgh 30, Pennsylvania

Kaiser Aluminum & Chemical Corporation
Dayton Sales Office

349 West First Street

Dayton, Ohio

Lockheed Aircraft Corporation
Missile Division
Attn: Mr. Alfred H. Peterson,
Production Engineering Dept. Manager
Sunnyvale, California

Lockheed Aircraft Corporation

Attn: Mr. Elliot Green, Manager
Production Engineering Department

Burbank, California

Lockheed Aircraft Corporation

Attn; Mr. Roy A. MacKenzie, Manager
Manufacturing

Marietta, Georgia
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Baldwin-Lima~-Hamilion vorporation
Attn: r. Leon licllick
Philadelphia 42, Pennsylvania

Magnethermic Corporation
Attn:s Mr. J. A. Logan
Youngstown, Ohio

Mallory=-Sharon Titaniun, Incorporated
Niles, Ohio

The Martin Company

Attn: Engineering Library
Mail No. J-398

Baltimore 3, Maryland

The Martin Company
Orlando Division

Attny Mr. George C. Pfaff
Orlando, Florida

McDonnell Aircraft Corporation
Attn: Mr. C. E. Zoller

Lambert St. Louis Municipal Airport
P. 0. Box 516

St. Louis 3, Missouri

Metal Trims, Incorporated
Jackson, hississippi

Mueller Brass Company
Research Depariment

Attn: Mr. Thomas E. Fearnside
1925 Loffer Avernue

Port Huron, Michigan

National Academy of Science
National Research Council
Attn:s Mr. E. V. Bennett,
Division of Engineering and
Industrial Resources
Washington 25, D. C.

National Aeronautics & Space Administra-
tion

Attn: Mr. George Mandel, Chief, Library
Lewis Research Center

21000 Brookpark Road

Cleveland 35, Ohic
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Norair, A Division of Northrop Corporation

Attn: Mr. J. A. VanHammersveld, General
Supervisor
Matierials Research & Product
Analysis

Hawthorne, California

North American Aviation, Incorporated
Los Angeles Division

Attn: Mr. Walter Rhineschild
International Airport

Los Angeles 45, California

North American Aviation, Incorporated
Attn: Engineering Technical Library
International Airport

Los Angeles 45, California

Nuclear Metals, Incorporated
Attn: Mr. Klein, Vice President
Concord, Massachusetts

Piper Aircraft Company
Lockhaven, Pennsylvania

Pratt & Whitney Aircraft Division
United Aircraft Corporation
East Hartford, Connecticut

Prewitt Aircraft Company
410 South Springfield Road
Clifton Heights, Pennsylvania

Radioplane Division

Northrop Corporation

Engineering Administration Department
Attn: Mr., 1. D. Murphy, Manager

8000 Woodley Avenue

Van Nuys, California

Reactive .etals, Inc.

Attn: Mr. Geore W, Cleveland
Sales Engineer

“iles, Ohio

Republic Research Center
6801 Brecksvills Road
Cleveland 31, Ohio

Republic¢ Steel Corpcration
Massillorn, Chio
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Reynolds Metal Company
Attn: Mr. Stuart Smith
503 World Center Building
Washington 6, D. C.

Rohr Aircraft Corporation

Attn: Mr. F. E. Zimmerman, Manager
Manufacturing Research

P. 0. Box 873

Chula Vista, California

Ryan Aeronautical Company

United States Steel Corporation
Product Development Division
525 William Penn Place
Pittsburgh, Pennsylvania

United States Steel Corporation

Attn: Mr. Rex C. Corns, General Supervisor

National Tube Division
Gary, Indians

Vanadium Corporation of America

attn: Mr. L. J. {lull, Chief Metallurgist Attn: Mr. C. N. Cosman,

Materials &« Process vaboratory
Lindberg Field
San Dieyo 12, California

Sikorsky Aircraft Division
United Aircraft Corporation
Bridgeport, Connecticut

A.0. Smith Corporation

AT : lir. :.D. barnec, Direclor
Government R&D Jivision

P.0. Box 584

Lilyaukz2e 1, Wisconsin

Solar Aircraft Company

Attn: Mr. F. M. West
Chief Librarian

2200 Pacific Avenue

San Diego 12, California

Solar Aircraft Company
180G Grand Avenue
Des Moines 5, Iowa

Standard Pressed 5teel Company
Aircraft Products Division
Jenkintown, Pennsylvania

Thompson-Ramo-Wooldridge, Incorporated
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